Background
Many patients with iron deficiency anemia (IDA) do not tolerate or adequately respond to oral iron and live with chronic anemia and related negative effects on health-related quality of life (HRQoL). However, data from double-blind, placebocontrolled trials exploring the effect of treatment on HRQoL in patients with IDA are lacking. Objective To explore the HRQoL of IDA patients who are unresponsive to or intolerant of oral iron, and compare the effects of treatment with intravenous ferumoxytol or placebo in a double-blind randomized controlled trial. Methods Unpublished HRQoL data using the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-Fatigue), the Medical Outcomes Survey Short Form-36 (SF-36), and the Linear Analogue Scale Assessment (LASA) were collected from a previous study (NCT01114139). Between-group differences in change from baseline to the end of the study (week 5), evaluation of clinically meaningful change, and comparisons with population norms were analyzed. Results Baseline HRQoL scores for ferumoxytol patients (n = 608) and placebo patients (n = 200) were notably below general population norms. Despite a substantial placebo effect, significant and clinically meaningful differences were found in favor of patients receiving ferumoxytol compared with those receiving placebo in FACIT-Fatigue improvement (10.6 vs 5.7; 95% CI for difference 3.1-6.71, P < .0001), all LASA domains: Energy (P < .0001), Activities of Daily Living (P < .001) and QoL (P < .0001) improvement, and all SF-36 domains (P's <.01-<.0001). Limitations Short-term study, low number of cancer patients included (48 of 808) Conclusions Patients with IDA who had been unsuccessfully treated with oral iron had poor baseline HRQoL scores. Ferumoxytol treatment resulted in clinically meaningful improvements in HRQoL, significantly greater than placebo, across all domains. are only knowable by the patient. Patient-reported outcomes (PROs) are commonly included in clinical trials to understand the impact of a treatment on symptoms, functioning or HRQoL and the full reporting of all PRO data associated with a clinical trial is being encouraged and more rigorously evaluated. 8 Currently available data from randomized controlled trials on the HRQoL of patients with IDA, and on whether treatment can improve their HRQoL, are sparse. Outcomes of patients with IDA have focused predominantly on fatigue, but the full picture of the impact on other HRQoL effects has rarely been reported, with open-label studies lacking placebo controls, and in some instances also lacking HRQoL domain mean scores, or baseline data, limiting the interpretation of those results. [9] [10] [11] [12] [13] [14] [15] Achieving a more comprehensive understanding of the impact of disease and its treatment on patients may be a valuable adjunct to clinical decision making in the case of IDA patients who are unresponsive to or intolerant of oral iron, because historically these patients have remained chronically undertreated.
To address those questions, we analyzed HRQoL data collected from the previously reported phase 3 study of ferumoxytol safety and efficacy. 16 The initial trial results reported secondary endpoints associated with fatigue (using the Functional Assessment of Chronic Illness TherapyFatigue scale (FACIT-Fatigue), the Medical Outcomes Survey Short Form-36 (SF-36) Vitality domain, and the Linear Analogue Scale Assessment [LASA] Energy domain) in line with the study Statistical Analysis Plan, but did not comprehensively report all the HRQoL data captured. This current report presents all of the HRQoL data captured in that study, which included: fatigue, physical functioning, social functioning, and emotional wellbeing. The aim is to fully explore the breadth of differences in HRQoL improvement when comparing the treatment of IDA with ferumoxytol to placebo, the clinical meaningfulness of these changes and/or differences, and finally the impact of IDA on HRQoL outcomes compared with population norms where available.
Methods

Study design
The current report presents analysis of patient-reported outcomes data from a previously published phase 3 randomized, placebo-controlled, double-blind trial, which examined the safety and efficacy of intravenous (IV) ferumoxytol on HRQoL compared with IV placebo in IDA patients with a history of unsatisfactory oral iron therapy or in whom oral iron cannot be used (NCT01114139). 16 In the original trial, after a 2-week screening period, patients with IDA were randomized 3:1 to receive 510 mg ferumoxytol (volume 17 mL) or normal saline placebo at the baseline visit (day 1), followed by a second dose 2-8 days later (week 1). Patients were observed weekly until the end of the 5-week treatment period (weeks 2-5). The study was conducted with adherence to and compliance with the Declaration of Helsinki and Good Clinical Practice Guidelines. The study protocol was reviewed and approved by an institutional review board at each study center, and patients provided written informed consent prior to study start.
Patients
A full description of the inclusion and exclusion criteria has been published previously. 16 Briefly, eligible patients were men and non-pregnant, non-breastfeeding women aged 18 years or older and with a serum Hb level of 7.0-<10.0 g/dL and a transferrin saturation (TSAT) level of less than 20%. Eligible patients had either failed oral iron therapy or were intolerant to oral iron. Patients were excluded if they had a history of allergy to IV iron (ferumoxytol is contraindicated in patients with history of allergic reaction to any intravenous iron product and has a Boxed Warning for risk for serious hypersensitivity/anaphylaxis reactions) or a serum ferritin level of more than 600 ng/mL, anemia due to known causes other than iron deficiency, hematologic malignancy, or were on dialysis or with an estimated glomerular filtration rate of less than 30 mL/min per 1.73 m 2 of body area. Those who received parenteral iron therapy or another investigational agent within 4 weeks prior to screening, or oral iron or a blood transfusion within 2 weeks prior to screening, were also excluded.
Patients were stratified by baseline Hb level (>7.0 to ≤8.5 g/dL or >8.5 to <10.0 g/dL) and by categories of underlying condition (AUB, cancer, GI disorders, postpartum, and other [eg, nutritional iron deficiency, rheumatoid arthritis, heart failure]). Patients with more than one underlying condition potentially contributing to IDA, were assigned to one category based on the investigator's assessment of the likely greatest contributor.
Patient-reported outcome measures
This study included 3 PRO measures: the Functional Assessment of Chronic Illness Therapy-Fatigue Scale (FACIT-Fatigue) 17 the Medical Outcomes Survey Short Form-36 (SF-36) 18 , and the Linear Analogue Scale Assessments (LASA). 19 The FACIT-Fatigue questionnaire was administered at baseline and every week thereafter to week 5. The SF-36 and LASA questionnaires were administered at baseline, week 3, and week 5 only.
FACIT-Fatigue. This is a 13-item patient-reported assessment of fatigue with a 7-day recall period. Items are scored on a scale of 0-4 (0, Not At All and 4, Very Much So). To score the FACIT-Fatigue, all items are summed to create a single fatigue score with a range of 0-52. Higher scores represent better functioning or less fatigue. The FACITFatigue has shown good reliability and validity in non-www.jcso-online.com
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IDA populations 17 and more recently in IDA-specific populations. 20 A clinically meaningful difference or minimal important difference (MID) in the FACIT-Fatigue score has been reported as 3.0. 21, 22 US population norms have been reported as a mean of 43.6 (SD, 9.4), with a mean population value in anemic cancer patients of 23.9 (SD, 12.6).
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SF-36. This is a validated generic HRQoL instrument for use in a range of conditions as well as the general population. Thirty-six items assess patient health across 8 domains: Bodily Pain (BP), General Health Perceptions (GH), Mental Health (MH), Physical Functioning (PF), Role Limitations due to Emotional Health Problems (RE), Role Limitations due to Physical Health Problems (RP), Social Functioning (SF), and Vitality (VT). All items use categorical response options (range, 2-6 options). From the individual subscales, 2 component summary scores are generated for physical and mental health. The first 5 subscales (PF, RP, BP, GH, VT) produce the physical component score (PCS) and the last 5 subscales (GH, VT, SF, RE, MH) produce the mental component score (MCS); the GH and VT subscales overlap between the 2 overall components. The scores for each subscale are converted to norm-based scores (based on the 1998 US general population), with a mean of 50 and a standard deviation of 10. A score of 100 represents the best health. The validity and reliability of the SF-36 has been well established. 23 An MID of 5.0 has been reported for all SF-36 domains. 24 The SF-36 is also useful to derive population-based utility values by applying the SF-6D algorithm 25 . Utility values represent preference-based weights of a health state with values ranging from 1 (full health) to 0 (dead), with some health states categorized as worse than dead (<0), and can be combined with survival data to produce a measure of quality-adjusted life-years (QALYs). The SF-6D is based on 11 items from the SF-36, representing 6 multilevel dimensions that describe 18,000 health states. Any patient who completes the SF-36 can be uniquely classified according to the SF-6D for economic analyses. The SF-6D can be regarded as a continuous outcome scored on a scale of 0.29-1.00, with 1.00 indicating "full health," with a reported mean MID of 0.041. 26 US population norms with a mean of 0.75-0.80 (varying by age group and gender) have been reported.
27
LASA. The LASA consists of 3 visual analogue scales (VAS), 1 for each of the following domains: Energy Level, Activities of Daily Living (ADL), and Overall Quality of Life (QoL). Each VAS has a 7-day recall period and consists of a 100-mm line with a left anchor representing the worst possible score (0) and the right anchor representing the best possible score (100). Higher scores are indicative of better functioning and HRQoL. VAS scales have been established as valid and reliable PRO tools. 28 MID values associated with the LASA energy, ADL, and QoL domains have been reported as 9.61, 8.74, and 9.81, respectively. 19 No population norm data have been reported.
Statistical analysis
Analysis set and missing data. All analyses were conducted on the intent to treat (ITT) population, which included any randomized patient with exposure to the study drug (ferumoxytol) or placebo by randomized treatment assignment. PRO measures were scored in accordance with their user manual scoring algorithms. The change from baseline value was imputed to zero (0) for missing values at postbaseline visits. Sensitivity analyses were conducted with no imputation for missing values.
Patient-reported outcomes analyses. Mean change scores from baseline to each follow-up week (1) (2) (3) (4) (5) in the FACITFatigue scale score, and baseline to week 5 for the SF-36 and LASA domains were compared across the treatment arms. The proportion of patients achieving or exceeding the MID from baseline to week 5 was calculated for the FACIT-Fatigue and all domains of the SF-36.
Differences between treatment groups in continuous outcomes were evaluated using analysis of covariance (ANCOVA), with the ANCOVA model adjusted for baseline Hb level and primary underlying condition (ie, AUB, postpartum anemia, cancer, GI disorders, or other conditions). Categorical outcomes were evaluated using the Cochran-Mantel-Haenszel test, adjusting for baseline Hb level and primary underlying condition. Within group change over time from baseline to the various post baseline assessment time points were assessed using paired t tests, expressed as 95% confidence interval (CI). Statistical significance was established if the P value was ≤.05.
Results
Patient characteristics
A total of 812 patients were randomized to 2 groups (ferumoxytol, 609; placebo, 203). The ITT population included 808 patients who had any exposure to study drug (ferumoxytol, 608; placebo, 200) and excluded 4 patients who withdrew from the study before administration of study drug. Detailed information about patient disposition, including the CONSORT patient flow diagram are available as part of the online supplementary information accompanying original study publication. 16 Baseline patient demographic and clinical characteristics of the 2 treatment groups were comparable (Table) , including mean baseline Hb levels (ferumoxytol 8.8 g/dL; placebo, 8.9 g/ dL) and mean baseline TSAT levels (ferumoxytol, 7.0%; placebo, 5.4%). Similarly, baseline mean patient-reported outcome scores were comparable across the 2 treatment a There were 9 additional patients with cancer who were assigned to different categories based on the investigators' assessment that another comorbid condition was the likely greatest contributor to their IDA. b Included nutritional iron deficiency, heart failure, and rheumatoid arthritis.
Original Report groups for all domains and HRQoL concepts (Table, Figure 1 ). All baseline scores were clinically meaningfully lower than the population norms for FACIT-Fatigue (MID, 3.0), SF-36 domains (MID, 5.0; Figure 1 ) and SF-6D utility score (MID, 0.04).
FACIT-Fatigue
Ferumoxytol was superior to placebo in the mean improvement in fatigue score from baseline to each follow-up assessment ( Figure  2 ). Although both treatment arms showed improvement in fatigue at weeks 1 and 2, only the ferumoxytol-treated group continued to show an increase in FACIT-Fatigue scores from weeks 3-5, whereas the placebo group demonstrated no further improvement. By week 5, the mean increase in FACIT-Fatigue scores for ferumoxytol-treated patients was 11.7 (SD,11.7), compared with 6.8 (SD, 9.5) for those receiving placebo. After controlling for baseline Hb and underlying condition, the lower bound confidence interval of the between-group difference (mean, 4.9; 95% CI, 3.1-6.7; P < .001) was above the MID, indicating a clinically meaningful betweengroup difference. Similarly, at week 5, the proportion of patients achieving or exceeding the MID was significantly higher for ferumoxytol patients (72%) than for the placebo-treated patients (59%; P < .001). The correlation of FACIT-Fatigue scores with hemoglobin level (grouped in 0.5 g/dL categories) across the treatment period was high (r = 0.97, P = .002). The week-by-week changes from baseline in FACIT-Fatigue scores and the mean weekly values for Hb levels and measures of iron status, TSAT and CHr (reticulocyte Hb content) are shown in Figure 3 .
SF-36
Patients in the ferumoxytol group showed greater mean improvement of all HRQoL domains from baseline to week 5 than did placebo patients (Figure 4 ). Both groups demonstrated some improvement from baseline. However, only in ferumoxytol-treated patients did the level of change reported in almost all domains (VT, PF, RP, SF, RE, MH, and MCS) correspond with clinically meaningful improve- 
FACIT, Functional Assessment of Chronic Illness Therapy
Note: Between group difference in change scores: *P < .05; **P < .001; ***P < .0001. P-value was derived from the least squares means and an analysis of covariance model, adjusted for baseline hemoglobin and underlying condition. Error bars represent 95% confidence intervals (1.96 x standard error).
ment. The lower bound 95% CI in all these cases was greater than the MID of 5.0. By those criteria, none of the changes in the placebo-treated patients exceeded the MID.
SF-6D
From baseline to week 5, there was significantly greater improvement in SF-6D utility scores in patients in the ferumoxytol group compared with those in the placebo group (mean change, 0.11 vs 0.04, respectively; P < .0001). After controlling for baseline covariates, the lower bound CI of the between-group difference (mean, 0.07; 95% CI, 0.05-0.09) was higher than the MID of 0.041, indicating a clinically meaningful between-group difference. Likewise, the level of improvement reported in the ferumoxytoltreated patients was clinically meaningful (95% CI, 0.10-0.12), which was not true of the level of improvement reported by placebo-treated patients (95% CI, 0.02-0.06).
LASA
The mean improvement of all LASA domain scores from baseline to week 3 and week 5 was better among ferumoxytol-treated patients that among those who received placebo ( Figure 5) . The level of improvement reported for all LASA domains was clinically meaningful in ferumoxytol-treated patients. At week 5, the lower bound 95% CI of each ferumoxytol mean change score was greater than the associated Energy, ADL, and QoL domain MIDs (9.61, 8.74, and 9.81, respectively). No changes in LASA domain scores in placebo-treated patients achieved this definition of clinical meaningfulness.
Discussion
Capturing the impact of disease and treatment on patients' HRQoL by using patient-reported outcome measures is a useful adjunct to clinical decision making for patients, physicians, and other health care providers. It is essential to fully understand the impact of IDA on patients' HRQoL in order to evaluate the benefits and value an IV therapy could offer. This study aimed to explore the impact of IDA on HRQoL outcomes, and further, to assess the magnitude of the impact of ferumoxytol compared with placebo on these important HRQoL endpoints.
Ferumoxytol is an IV iron therapy approved by the FDA for treatment of IDA in patients with chronic kidney disease. A recent study demonstrated that ferumoxytol was effective in patients with IDA and a history of unsatisfactory oral iron therapy or in whom oral iron cannot not be used. In that study, the proportion of ferumoxytol Original Report patients achieving an Hb increase of ≥2.0 g/dL at week 5 was 81.1%, compared with 5.5% of placebo patients (P < .0001); the mean increase in Hb in was 2.7 g/dL compared with 0.1 g/dL, respectively (P < .0001); and the increases in TSAT were 11.4% and 0.4% respectively (P < .0001). 16 As demonstrated by the baseline PRO characteristics of this patient population, IDA has a significant impact on patient HRQoL. The baseline levels of patient-reported fatigue as measured by the FACIT-Fatigue scale were more than 15 points (1.5 SDs) below the population norm, with 3 points considered to indicate a clinically meaningful decrement. This level of fatigue is in line with that previously reported in anemic cancer patients (mean, 23.9; SD, 12.6). 21 Likewise, the baseline LASA Energy, Activity, and QoL mean scores were similar to those reported by anemic cancer patients who were undergoing cytotoxic chemotherapy in 2 large clinical trials involving more than 3,500 patients (38.6-39.4, 38.8-40.8, and 45.4-46.4, respectively), 29, 30 and the SF-36 Vitality domain scores were more than 10 points (1 SD) below the population norm. Notably, decrements of this level and greater (5-10) on the Vitality domain of the SF-36 have been associated with an inability to work, job loss in the subsequent year, and hospitalization over the next year in analyses performed on a large population data set of 3,445 patients from the Medical Outcomes Study. 31 Based on the findings of the present study, it is evident that the impact of IDA is not limited to fatigue, but also affects many other aspects of patients' HRQoL. At baseline, all SF-36 domains were clinically, meaningfully lower than the population norm (MID, 5.0); almost all domains, with the exception of Bodily Pain, were around 1 SD below the population norm. This global impact of IDA on patients' HRQoL was also reflected in the SF-6D utility values, which were around 0.15 points below the population mean of 0.75-0.80, exceeding a clinically meaningful decrement of 0.041. 26 These findings are consistent with many previous studies dem- Notes: Between group difference in change scores: *P < .05; **P < .001; ***P < .0001. P-value was derived from the least squares means and an analysis of covariance model, adjusted for baseline hemoglobin and underlying condition. Error bars represent 95% confidence intervals (1.96 x standard error). Notes: Between group difference in change scores: *P < .05; **P < .01; ***P < .001. P-value was derived from the least squares means and an analysis of covariance model, adjusted for baseline hemoglobin and underlying condition. Error bars represent 95% confidence intervals (1.96 x standard error).
onstrating the relationship between decreased work capacity, and endurance, with both non-anemic iron deficiency and iron deficiency anemia. 5 In the IDA patient population with this poor baseline HRQoL profile, ferumoxytol demonstrated superiority over a strong placebo response in all HRQoL domains. Ferumoxytol provided significantly greater, and clinically meaningful, improvement in FACIT-Fatigue from baseline to week 5; almost restoring fatigue levels to population norms over that period. FACIT-Fatigue improvements were mirrored in the alternative measures of fatigue using specific domains in the LASA and SF-36 instruments. The LASA Energy domain and SF-36 Vitality domain both demonstrated significantly greater improvement in fatigue with ferumoxytol than placebo. Furthermore, ferumoxytol consistently showed clinically meaningful levels of improvement; while placebo-treated patients showed some improvement, the level of change was not considered clinically meaningful based on published MIDs.
This pattern of results and clinically meaningful improvement was consistently reported across almost all SF-36 domains. All domains demonstrated ferumoxytol's superiority over placebo. In the ferumoxytol treatment arm, 7 of the 10 domains (VT, PF, RP, SF, RE, MH, MCS) also showed clinically meaningful improvement, whereas no clinically meaningful improvements were reported for placebo. Correspondingly, 9 of the 10 domains (VT, PF, RP, SF, RE, MH, GH, PCS, MCS) showed a significantly higher proportion of patients achieving the MID in the ferumoxytol treatment arm. The only SF-36 domain not demonstrating clinically meaningful improvement or a higher proportion of MID level response was the Bodily Pain domain. These results parallel the previously reported potential impact of treatment for IDA, with fatigue demonstrating the largest improvement consistent with a highly significant association with Hb 16 and the impact fatigue may have on patients' physical, social, and emotional wellbeing, but not their experience of pain.
The SF-36 findings were also mirrored in the LASA domains of ADL and QoL, adding further support to the global HRQoL improvement demonstrated by ferumoxytol over placebo. Finally, this global HRQoL superiority was also supported by the results of SF-6D analysis. These data not only provide further evidence of the clinically meaningful improvement in the ferumoxytol-treated patients, with significantly greater improvement than placebo, they also provide potentially valuable utility data. The mean utility score at week 5 in ferumoxytol-treated patients was close to the US population norm at 0.73, compared with the placebo group mean of 0.67. In addition to being statistically and clinically significant, this 0.06 difference could also be used in economic analysis to consider the HRQoL benefit offered by ferumoxytol over placebo in the calculation of quality adjusted life years associated with each treatment option.
Most, if not all, previous studies exploring the relationship between anemia treatment and changes in HRQoL were open label studies. When patients think they are receiving an active treatment, and therefore improvement is anticipated, PRO results can be confounded by social desirability responding. The pronounced placebo response seen in this study reinforces the importance of a placebo control when evaluating PRO results from clinical trials.
A limitation of this study was the relatively short time frame. It remains unknown how long the observed improvements would last beyond the 5-week study period. Future research should include longer term studies to assess the durability of response, and also to explore the effects, if any, on objective outcomes such as work productivity and use of health care.
This analysis found that patients with IDA, who had been unsuccessfully treated with oral iron, had very poor baseline HRQoL scores. Treatment with ferumoxytol, administered as a 510-mg dose followed by a second 510-mg dose 2-8 days later, resulted in significant and clinically meaningful improvement in HRQoL outcomes over placebo, which were consistently seen across all HRQoL domains. These findings add important information to the recently published clinical data on efficacy and safety of the use of ferumoxytol in this patient population. 16 
